Abstract. The purpose of this study is to compare the ultrasonographic architectural properties of muscles and balance ability based on the muscle contraction of chronic stroke patients. The subjects of this study were 30 chronic stroke patients were divided into 3 classes based on the Modified Ashworth Scale (MAS), with 10 patients in each class. Ultrasonographic architectural properties and balance ability were measured using ultrasonographic and a balance measurement system, respectively. According to the study result, as the spasticity level increased, the muscle thickness, pennation angle, and fascicle length significantly decreased (p<.001), whereas the sway area, sway path, and sway average speed significantly increased (p<.001), based on each condition. This study presented that pathokinesiological characteristics of the medial gastrocnemius muscle should be taken into account in chronic stroke patients balance training.
Introduction
Ankle joint spasticity, which is the most frequent symptom of stroke patients, is a major obstacle to the treatment of stroke patients [1] . Gao et al. [2] reported ultrasonographic properties of the medial gastrocnemius muscle at the positions of muscle fibers and ankles in stroke patients. Previous study showed that a change in the structural properties of a skeletal muscle occurs during a voluntary contraction and an isometric contraction [3] . In the meantime, stroke patient because inappropriate postural control influences the musculoskeletal functions, a structural change in a skeletal muscle is often found on the paretic side [4] . This study attempted to present that pathokinesiological properties of the medial gastrocnemius muscle should be taken into account in chronic stroke patients balance training.
Subject and methods

Subjects
The subjects of this study comprised 30 chronic stroke patients who were evaluated with reference to the Modified Ashworth Scale (MAS) [5] and were classified into 3 MAS classes, with 10 subjects in each class. The medical conditions of the subjects were as follows: those who had undergone the onset of stroke 6 months to 2 years ago, those whose ankle joint MAS class was between 1 to 3 (those whose MAS class was 0 were excluded from the study), those who had no pathologic finding in the musculoskeletal system at the joint ankle, those who could walk 10 m or longer independently without the physical help of another person while wearing an ankle foot orthosis, and those who could understand the directions of the researcher and accordingly perform activities. The clinical characteristics of the subjects are shown in Table 1 . 
Methods
Ultrasonographic measurement. The medial gastrocnemius muscle was measured using ultrasonographic (GE LOGIQ 3 EXPERT Color Doppler Ultrasound System: GE Medical System Co., Korea). We employed a 12 ㎒ linear transducer whose gain (G72) and dynamic range (C4) were fixed and applied to all the tests. The muscle thickness (㎜) determined by measuring the vertical distance between the superficial part and the deep aponeurosis, so that the aponeurosis could be excluded. The pennation angle (°) was measured as the angle of the fascicle connected with the deep aponeurosis. The central part of the muscle belly, which is approximately 30% proximal point from the center of an ankle joint, was measured in the longitudinal direction [6] . Balance ability. Balance ability was measured using Biorescue(RM Ingenierie Co., France), which is a measurement system for measuring balance ability. The static balance ability was determined by measuring the sway area (㎟) and sway path (㎜). The dynamic balance ability was determined by measuring the sway average speed (㎜/s) [7] . 
Statistical Analysis
For statistical analysis, SPSS 12.0 for Windows was used. A paired t-test was performed with respect to the difference in the ultrasonographic architectural properties based on the muscle contraction. A one-way ANOVA was performed with respect to the difference in the ultrasonographic architectural properties and the balance ability among the groups. A Scheffe multiple range test was performed as a post-hoc test. The statistical significance level was set at α=.05.
Results
Differences in the ultrasonographic architectural properties and balance ability among the groups and within each group
As the spasticity was increased, the muscle thickness, pennation angle, and fascicle length during rest and during MVIC significantly decreased in each group (p<.001). The sway area, sway path, and sway average speed significantly increased during MVIC in each group (p<.001). The pennation angle was significantly greater during MVIC than during rest in each group (p<.001). The muscle thickness and fascicle length were significantly smaller during MVIC than during rest in each group (p<.001) ( Tables 2 and 3) . 
Discussion
Maganaris et al. [7] reported that the structural properties of the skeletal muscle were significantly altered during MVIC. These previous study suggest that the weakening of the skeletal muscle on the paretic side is highly correlated with spasticity and contracture [8] . The results of the present study showed that the pennation angle was significantly greater (p<.001) and the muscle thickness and fascicle length were significantly smaller (p<.001) during MVIC than during rest in each group. This result is consistent with the results of the previous studies, indicating that the structural properties of skeletal muscles change based on the muscle contraction. The balance ability of stroke patients decreases owing to weakened muscle strength as the ultrasonographic architectural properties decrease in the lower limb skeletal muscle [9] . The result of this study showed that as the spasticity increased, the sway area, sway path, and sway average speed during MVIC significantly increased in each group (p<.001). This result suggests that the change in the ultrasonographic architectural properties of the skeletal muscle on the paretic side might negatively influence balance ability. In other words, the change in the structural properties of the skeletal muscle on the paretic side might affect stroke patients' balance ability and result in decreased active motion and weakened muscle strength, eventually interrupting standing up or gait.
In other words, the results provided pathokinesiologic information about the medial gastrocnemius muscle, suggesting that the information be considered in balance training.
